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FOR Ol INDUSTRY CHEMICAL SERVICE 


THE PRESENT and POTENTIAL 
LP-GAS MARKET 


By H. R. Thomas and W. R. Thorne 


rHE RAPID GROWTH ENJOYED BY THE LP-GAS INDUSTRY FOLLOWING WORLD WAR II 
LEVELED OFF LAST YEAR. THE AL THORS PRESENT HERE THE INDUSTRY'S PRESENT 
SITUATION ... AND A GLANCE AT THE FUTURI 


\ BRIEF review of the history of the liquefied petroleur able | Physical Constants* 
; gas industry will give a better understanding of t res Propane Butane 
ent and potential markets for these gases. About 1926 
large oil concerns entered the field of developing ir 
utility and domestic fuel markets for butane and 
gases. Liquefied petroleum gas was a sideline to natu 
line plant operations. High fuel price. transportatior 7 
tribution costs limited development of profitable h me 1.23 1.86 
However, with the expansion of uses in the dome ‘ cif — t 508 584 
mercial and utility fields, and in general industry ts wer _— 147.0 110.8 
lowered. Today there are over 150 companies prod istio 
three billion gal annually for this market. Man these ; . 21,690 21.340 
concerns have a multitude of producing plants ten wer cu 259] 3 967 
All of us are familiar with the processes for prod stu per gala 91.300 103,000 
Gases; butane and propane are recovered from hydr 
gases precessed through natural gasoline plant 


, 
rincip com “il WwW * domest mt 
plants, and oil refineries. Some of the physical charact ! pally mcerned with the domestic-com 


' 3 ernal combust “ngine “l me "ts 
of butane and propane are pointed out in Table | mbustion engine fuel marks 


; n — : y either “bottled cas” o7 
These gases are easily and safely stored as liquid nsumer is served by either “bottled gas” o 


tank g Bottled gas is dispensed from portable pressure 


handled properly in approved pressure equipment ar 
linders carrying in capacity from approximately five gal to 
convenient and clean burning fuel service when draws 
the vapor form. National Board of Fire Underwrit | | Tank lized th I 
- Commerce rule nd regulations an yas is ulthized through 
phlets No. 58 and 59 set forth the standards for the if as 7 “— _ F a 


100 gal. These container ire fabricated to meet Interstate 


installation and construction of containers and pet permanently installed tanks of between 50 and 1.200 gal gros» 


capacity. Because of limited storage caps ottled gas 
equipment for the storage and handling of liquefied pet: were Beca imited storage capacity. bottled ga 


» is generally confined to one or two appliances for cook 
gases - 
ng or water heating, and in some cases refrigeration. Space 


Storage containers vary in capacity from 200,000 heating from bottled gas is limited and then usually through 


producing plants and storage terminals to small multiple bottle installations. Restaurants, resort hotels 
evlinders of around one gal capacity for laborator scheaol nd hospitals frequently use multiple installations 
purposes. Storage tanks at bulk marketing point e get Pan 


k ras . ‘ « trom cooking only to homes utilizing 
erally of 18.000 or 30,000 gal gross capacity. B f 


water heating. refi geration and house 
nstallations may consist of a single tank or may include y f course. used at commercial establish 
tiple installations of as many as 80 30.000-gal tank 


itility gas plants 
The industry serves six principal fields where es 
ire utilized for fuel and raw material purposes. ex 1 PRESENT MARKET 
refinery uses. These are 
sed 1 } LP-Gas market. These are 
Domestic and commercial fuel ised in the . ae ee 
| ! ropane mixtures of these two The butane 
Gas utility fuel 
prop t re e generally utilized in the southern half 
Industrial fuel ; , , ; 
vit «tear ‘rowing tendency to ut 
Internal combustion engine fuel : . on ~- 


orme reial grade ropane in place ol 
Synthetic rubber raw material thtictitie y 


Normal and ise-butane are increasingly 
Chemical raw material 


LP-Gas Sale Enginee ta | ‘ f ydrocarbons Third Editior 
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in demand for use om oil rehmery processes and sy ntheti 
ber raw material. Therefore, it is anticipated propane wil 
continue to supply an increasing proportion of the demand 


of the LP-Gas industry 


LP-Gases are transported from producing points to market 
via pipe line, tank truck and tank car as well ¢ small 
“package” pressure cylinders. These gases are used for ' 


different fuel purposes such a 


Domestic (a> 


Commercial Industrial Utilitie. 


Cooking Annealling Complete Tractor- 
Water heating Metal 


cutting 


piped ga- Buse» 
Refrigeration service Irrigatior 
Space heating Textile 
Air Paints 
conditioning Ceramics 
Clothes Plastiv 
Printing 


Railroads 


Peak shaving pump 
Stand-by Truck 


Enriching 


driers 

Hot plates 
Food 
processing 
Laundries 
Resorts 
Trailer 


The growth in marketed lume of LP-Gases as repor 


the I S. Bureau of Mine hown in Fig. | Phe market 
" 


volume has increased more than 1.000 per cent over the la 
ten vears and in 1949 wa ’8 billion gal. The 
il held <erved by IpPprox 


state 


is in the domestic-commer 
3.000 bulk plants located throughout the 
estimated that there are al 1.000 dealers and d 
directly serving the con these dealers and 
draw their primary supp! f L.P-Gas direct fro 


producing plants 
Our estimates indicate 6.000.000 homes were 

by LP-Gas at the end « 949. In addition, app 

$25.000 commercial ¢ restaurant 

churches. resort hotel 

According to the Ameri soriation i 

1950, communities nun t » HW) states were 

served with LP-Gas throug! iains by 198 
Nearly all of the est 


this fue t ” while 


» 000.000 home 
(,as are using 
other purposes also. | 
four principal home us 

\ cording to the I Mine the 
keted in the domestic-cor reial market in 1949 wa 
50,000 gal, 57.4 per cent of total 1949 marketed 


Breakdown of the Four Principal Hony 
of LP-Gas 
H 
Total Users* 6.000.000 
Cooking 
Water Heating 1.350.000 


1.400.000 


» BOO OO) 


Space Heating 


Refrigeration 100.00 


*Column does not add 


ne appliane ‘ 
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POTENTIAL 


Market Reviewed 


rowth 


TECHNOLOGY 


; 


ind would vary 


DOMESTIC 
MARKET 


ippliz » to the 


the LP-Gas industry immedi 


leveled off somewhat in 


percentage increases 


1949 


tor 


the present market indicate 


ndustry has put on “long pants 


siness is approaching the bil 


equipment 


comparative ost per 


sources of energy These 


ind relative convenience 


this comparison 


milhior 
cost- 


widely through 


the 


iture and hazard some guesses 


this dynamic young industry 


ras utility synthetic 


LP-Gas will continue to 


rubber 


grow 


nmercia market . presently 


and ippears to be th 


imption of increasingly large 


fuel 


combustion eng 


olumes thar iny « the 


irae volume market 


Onlv 25 per cent 


iddition, new domest 


e 


mo-t 


vol 


mar 


other 


AND COMMERCIAL 


adding 
cooking 
volume 


through increased load building is 


and 


drawn from three principal 


| establishment- 


SAS BY PRINCIPAL USES 


October 


1950 





The trend of home building continues away 





gested urban areas and inte the fringe and ru 
basic desire of the average family to live in rm 
suburban areas away from the noise and congestio 
cities is a strong decentralizing force. The Atomi 
unsettled world conditions are forcing industry and t 


YEAR 


less congested areas and movement of populatior 
away from metropolitan areas follows. Of the tota 
houses built, Table V shows percentages in areas 
incorporated towns of 2.500 or more 


INS PER 


SAL 





HUNDRED 





945 1950 
YEARS 





IN CONSUMPTION PER DOMESTIC USER 


vately 7.000.000 homes cooking with 
hited States. Nearly half of these 
or rural non-farm homes. A detailed 


MILLIONS OF USERS 


sus electric cooking will not be covered 
r. aggressive LP-Gas dealers find, with 
that many electric cooking, heating and 
prefer to change to more flexible, satis 


cal gas service for these household uses 








ae ee Rae See) eee eee | complete gas service for homes beyond the gas mains 
1945 YEARS 1950 9S t D tial volume of sales far from attained as yet 
1 out the 1949 domestic-commercial 
1.627.550,000 gal. Estimates indicate this 


il theoretical potential of nearly six bil 


2 — GROWTH TREND LP-GAS DOMESTIC USER 


resent customers utilized complete gas service 
of 1955 consumption of 2,720,000,000 


This growing new home rural market is a sroximately 65 per cent over 1950 


t i il nerease ¢ 
Gas sales Growth Trend 
At the end of 1949 there were 5.700.000 hy ~ LP4oas domestic commercial users ts 
United States using wood, coal, kerosene or other lr n in Fig. 2. By 1955 there should be more than 8,000,000 
venient fuels for cooking. There were 4.800.000 f ne ich rs. Inere use of gas by present customers should 
farm rural dwellings in this group. The number f her annual consumption per customer; this trend 
using the less convenient methods of cooking is is show: g. 3. While 1949 averages about 260 gal per 
as more and more households convert to modern fue 1s Ise I‘ timated average customer use will be 
L.P-Gas 


Fable IT 


Five Ve ul Marketed Volume ot LP- 


Domestic and Comm 
‘ Increase Over 
Volume ‘ ' \ : 7 \ olume Prev. Year 
933.262 r j 1.276.766 20.40; 
758.466 . 4 coe 1.704.262 33.5° 
1.150.538 17 9.259 2 » 209.797 297° 
1,473,289 . 3.51 l 2.736.801 23.85; 
1.627.550 D y ’ 836,599 3.6% 


u of Mines, Miner 


October, 1950 JOURNAL OF PETROLEUM TECHNOLOGY F SECTION | 





lable IN Table \ 
Comparative Cost of Propane and reentage of Non-Farm Houses Built Outside 


v ~ a . 
Other Knergs ource neorpor sted Towns of Over 2.500 


Table VI 


Internal Combustion Engine Fuel Potential 
“t) 


POTENTIAL INTERNAL COMBUSTION 
ENGINE FUEL 


SUMMARY OF PRESENT AND POTENTIAL 
MARKET 


estimate 


over OAMLOUNMDOHNM) 


LO OO} On 


Comparison of Present. Potential and Projected Marketer f LP-Gas for Domestic Commercia 


Internal Combustion 


) 


WOW) 
ww On 


LOO 
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PRESSURE DISTRIBUTION IN) UNSATURATED OIL) RESERVOIRS 


E. R. BROWNSCOMBE AND FRANCIS COLLINS, THE ATLANTIC REFINING CO 


DALLAS, TEX., MEMBERS AIME 


The pressure distribution in a reservoir producing 
pressible fluid by radial flow in a horizontal str 
simple logarithmic function’ used daily by reserv: er tituted 2) the variables p and 1 can bn 
The assumption of an incompressible liquid is ¢ 


assuming that pressure ts maintained constant 


n the incompressible How case 


Equation (1 If Equation (1) 


ntegrated to obtain. the pressure 
radius and at some external “radius of drainage 
words. that the entire flow into the well passe 
external radius. In most cases a well is surrounde 
wells draining adjoining areas so that the “radius 
is not a line of constant pressure with flow equal t 
ed t hifle tl ou pressible case only in the 
into the well but rather a contour of zero pressul gra ' 
aciditior f the te | rtien o the square of 
across which no flow oceurs. production being e 1 > 
expansion of the liquid within the area 
The radial flow steady state pressure distribut 
case does not seem to be extensively used desy 
that the mathematical analvsis has been given 


PRESSURE 
| CONSTANT 
the results are simple and generally applicable. The ect of at fe 
this discussion is to develop this result from a ph 
than a mathematical viewpoint, thereby aiding t 
judging circumstances to which it may be applicabl NO FLOW 
If the production rate at a well in an unsaturated 
is maintained constant while no flow occurs acro 
radius a steady state will soon be reached in whicl 
rate or pressure gradient is constant with time at 


in the reservoir. To preserve such a condition it 


PRESSURE 


that the pressure decline at the same rate at all p 
reservoir, that is, the curves of pressure versus rad 
it successive times are all parallel Then each unit 
oil is expanding at the same rate and contributir 
share to the production. The rate of flow gq acro 
r is thus proportional to the volume of the reser 


ind the external radius r,, or 


i} 
is the production from the well and med : I 

0 r 
that r. is very small compared with r 9 











where g. 


This equation can be combined with the diffe f PRESSURE STRIBUTION IN STEADY STATE RADIAL LIQUID FLOW 
of Darcy’s law for radial flow. LINE MARKED “PRESSURE CONSTANT AT r,"’ CORRESPONDS TO IN 
COMPRESSIBLE LIQUID WITH FLOW ACROSS r, EQUAL TO WELL FLOW 
2rhkr dp AT URVE MARKED “NO FLOW ACROSS r.”’ IMPLIES ZERO PRESSURE 
9RADIENT AT AND PRODUCTION BY EXPANSION OF LIQUID INSIDE 

dr 
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which causes the logarithmic distribution to flatten out 


“ 


pressure gradient as the external radius is approaches 
comparison this distribution is plotted in the accompar 


figure along with the distribution for an incompressible 


The concept leading to the flow rate distribution of 


tion (1) mav be extended to include the case of a fixed 


across the external boundary which ix an arbitrary fracti 


of the constant production rate from the well. This re 
useful for example in connection with the estimatior 
migration in the interpretation of bottom-hole 

up curves, and as an initial ndition for 


two-phase flow caleulatior 


NOMENCLATURE 


radial distance from center of well 

well radius 

external radius of area drained by 

pressure at radius r, psia 

pressure at well radius, psia 
sure at external radius tor 
ssure maimtained alr psia 
ssure it external 

(no flow acre 

iverage pre 
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millidarcies 
ckKness, teet 
centi poise 


ime factor, reservoir bbl per stock 
across radius r, stock tank 


at well, stock tank 


ogeneou- 


REFERENCES 


s Fluids Th igh P 
Anr Arbor. Mict 1946) 





Modern Svunthetic Fuel Processes 


By Milan G. Arthur 


On September 6 1950 
Branch sponsored a 1 
Southern California Sect 
tific Petroleum ¢ hapter 
Petroleum Auditorium 
Following the portion 
prepared by the Petrol 
the Mining Branch 
sium on smelter cé 
posium featured a 
Playter of the Selby 
the American Smeltir 
Co. and B. L. Sackett 
tional Smelting and Ret 
nformative talks present 
two speakers were fi Llowe 
in the form of questi 
ence 

The portion of the 
sored by the Petrol 
sisted of a talk on 
Fuel Processes” bv R 
Texaco Development Cor 
faced his discussion of 
f synthetic fuel proces- 
f the petrole im reserve 


ng difheulty in finding 


SECTION OURNAL F 


other na , . in pro 
of synthesis gas. The Hy 
the Car 

it Brownsville 

roce liffers fror 

Tropsh process in the meth 
evnthesis 


converting s\ 


The Hvydro« 


supply 
ron cata 
ind the 
ind the 
catalyst 
catalyst 
flowing 
istrated | 
nulae involves 


data 
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Characteristics of Clays Found 


in California Oil Sands 


AIME 
series on secondary was given 
by Paul Nahin. of Union Oj] Co. of 
California, on August 28, 1950, at the 
Auditorium in Los 


The fifth lecture of the current 


recovery 


General Petroleum 
Angeles. 

Speaking about the characteristics of 
clays, Nahin pointed out that from the 
petroleum engineer's standpoint there 
are two major aspects of the mineral 
The first their 
fundamentals and the second the 
field 


and especially secondary recovery meth 


ogy of clays concerns 
basic 
manner in which clays affect oil 
ods of operation. Just what constitutes 
a clay is largely a matter of definition 
Thus, defined by 


as any constituent having a diameter of 


clay has been some 
less than four microns, others prefer t 


sheet-like 


while still others emphasize the aspect 


identify it by its structure 


of cation exchange. Clay plays an im 


portant role in the reservoir as it i- 
the most active of the components com 
prising the reservoir rock and presents 
the largest surface area. It is important 
material 
latter be 


ing a pure component while the former 


to distinguish between clay 


such as montmorillonite. the 


is a mixture of pure and other sub 
Various methods are available 
the different 
the most common being X-ray diffrac 
thermal differential 
methods are petrograph optical 


the 


stances 


to identify clay minerals 


tion and analysis 
Other 
analysis stain 


chemical analysis. 


method, and the use of — electron 
microscope 

Clay minerals are dynamic material- 
in that they will change in accordance 
their environment. Im 
this 
pH of the water in contact with clays 
salts 
the kind and amount of organic 
and the 


sediments accu 


with changes in 


portant factors in regard are the 


the nature of dissolved in the 
water 
material present. temperature 
which the clay 


Thus 


montmorillonite while 


rate at 
sediments 
illite 


mulated recent clay 
ire mostly 
s found usually only in the older accu 
mulations. Thus it is evident that clas 


ean be used to environment 
The role of clay chemistry 


mportant to the production engineer 


interpret 
is vitally 
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( ommittee 


By N. van Wingen 


Executive 


seated 
Co.; J 
and fF 


JOURNA 


N 
S. Wenger, 
field, Cities Service Corp.; J. ¢ 
laugher Engineering; H. M 
Ohio Oil Co.: 


L to R, Jack Beesley, 


OF 


EXECUTIVE 
which will 


Cooley 
\merada 


Hammond 


PETROLEUM TECHNOLOGY 


during 
Roy Smith, Stanolind Oi) and Gas 
McGirl, Tide Water Associated Oil Co.; G. C. MeDonald, Gulf Oil Co.; 
Amerada Petroleum Corp. Standing, L to R, are J. R. Hat- 
McCarthy, Stanolind; R. C. 
Bethlehem Steel Corp.; J. H. Jennings, The 
and Lloyd EF. Elkins, Stanolind 


chloride water will cause far less 
swelling than would fresh water 
but base exchange will be favored 
changing calcium clays over inte 
that 


invasion of the 


sodium clays, so any subse 


quent sand by 
will worse 
plugging the 


wash had not been made 


cause 
salt 


fresher water 


than if water 


In such a sand, invasion of a cal 


cium chloride water should cause 
nor will adverse 
but 


rec ord 


still less swelling 


base exchange be caused, 


there are several cases on 
productivity resulted 


the 


where poor 


possibly because of formation 
from calcium percipitates 
Dodson 
announced 
was to be held 


Norris 


Fechnologists, Ine 


conclusion, C. R chan 
of this 
lecture 
>. At that 


Petroleum 


lecture series 
Sep 


time John 


studies on 
* * * 


discuss laboratory 


“COVETIES 





COMMITTEE — The Mid-Continent Section’s 
govern 
Baroid Sales; 


the current fiscal year are, 


Earlaugher, Ear 
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Processing Aluminum With Gas 


Believing that it is equally important 
for engineers and others in the oil in 
industry to know something about other 
industries as well as have an intimate 
knowledge of their own indus the 
Program Committee of the Gulf Coast 
Section invited the Aluminur ompany 
of America to give a talk on its opera 
thons John P. Dearasaugl resident 
mechanical engineer at ALCOA new 
Point Comfort reductior plant near 


Port Lavaca, Tex presented some ce 


tails of the new Texas plant along with 


il iminun 


entithd 


a general discussion of the 
industry itself A sound mov 
“This Is 


steps required to convert the 


Aluminum portrayir 
rial bauxite into metallic 


pre« eded the talk 


Dearasaugh has been a ‘ 
ALCOA for 30 vears. ! in South 
America, Canada, Cleveland and Pit 
Point Comfort 


He is also vice-president the newly 
j 


burgh be fore going to 


formed Lavaca Pipe Line ¢ and the 
Calhoun De velopment ¢ roth 


owned subsidiaries of ALCOA 


totally 


Production of alumir 
tremendously since the early days 
1888 when the Aluminum Cy { Amer 
ica was first founded, known then as 
The Pittsburgh Reduction ¢ 
the peak war year of 1943, more than 
1,800,000,000 Ib of the metal were pro 
Although 
postwar production has been less than 
this, it is still about four times 


oft 


During 


duced in the Lnited State 


greater 
Production 


247,000,000 th and it 


than the best prewar vear 
in 1948 was 
ippears that the 1950 total will exceed 
that figure. The price of aluminum ha 
lropped from $8.00 per Ib in 1888 to 
LT ve per Ib for ingots today 

The Point Comfort plant is 
11 reduction plants in the United States 
ind its job is to produce primary alu 
minum metal which is shipped to other 
plants for fabricatior nte hnished 
products The new plant capacny ts 
114,000,000 Tb of metal annually 

The electrolytic reduet 
num oxide requires le ft electri« 
power thout 10) kil t "every 
pound of aluminum | 
ALCOA ha hydroele 
Irie power but it is bee nit inmereas 


blocks of 


most part 


ingly difficult to <ecure 
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power because yrowt t ’ t turir 0 yuuilt a model 
and industry vd f are and Ww oper g at Point 
because the ge " has | emy experimental model wa 
ted most of the ! f } ro sit eral years at the plant a 
of any importance Ill. Success of the test 
the building of the 
rect-current Works 


of aluminun ret ew \ ite a The 


The use of 


mplete power 


LYLS. several ne-generator u 


ALCOA’s plant is w kK F , f three power houses 
These relative inefhe t ' ngines are a two-evele 
DC dynamo Durir rld \ ler type. with a 14 
ALCOA designed, buil , , stroke 

the Jones Mill \; nsas plant f the The crankshaft 


overnment lr t int tor the crank at the top 
combustion engine ‘ fuel , wlted radially to a frame, having 


plemented with a | iW ‘Zz i central hub that carries both the 


wer crankshaft main bearing bushing 


were emplove i 
ix power 1 also the thrust bear ng which 


the load of the crankshaft 


Experience w ya t 
led ALCOA to } ‘ t there nea 


ne me importa ‘ rankshaft main bearing 
, ‘ t yeoort ' 


bolted cover contains the 


bushir Z 
erno ch sms 
general use of gas ver r mechanism 

controls 
After some invest 

I intlolds fe ivengil 
that the Matager tifold 
requirements { ire located in ie lower level 
Bot! il engine room. Intake and 
oth o 

timed bv the pistons 

the waters , . r 
rts im the eviinder walls 
companies 
rl ilves are required 
ters ere 


liable soure 
Gas Co 


Balanced operation um plishe 
i master gear 1 stationary 
to the cover 

Citas Tex 

counterweigh 


to barge ig 
high ground gyi pon instead 
contains mus master 
mately 5.500.000 
sre used as elect 
The Po nt Comt 
the latest techniqu 
ion experts have rie 
the thing that . ee 


Works unusU . u . t rmally perat 


nh using 1.600 
has been 
bottleneck 
Fiver 
lucing 
to say 
plant 
ibout 


tv pe 


al 
Bol 
| 
ALCOA 
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Dynamometer Studies—The Easy Way 


Leo Fagg. of 


gineering Co 


the Johnson-Fagg En 
Tulsa, Okla., presented 
use of the dynamometer 
the East 
12, 1950, 
beginning of the pro 


a paper on the 


control instrument at 
Section’s 


meeting At 


September 
the 
gram it was demonstrated that man has 
little 


physical and 


his only means of competitive work de 


strength or power 
pends on the amount he uses his head 
to accomplish work. It 
strated 
fifteenth to 


was demon 


that an average man has from 


one one-twentieth horse 
stand 


little in 


power output and, from a power 


point. would be worth very 


comparison to, for instance, an electri 


motor. It was the purpose of the pres 


to mdi how otherwise 


ent paper 
ditheult 


made the easy 


ate 
dynamometer studies could be 


way and thus be worth 


work 


consideration 


irom a 
first 


more standpoint 
The that should 


be given to pumping problems in gen 


output 


eral is an analysis of sub-surface equip 


ment failures which have been preva 
lent in the past. Such items as the 
red breaks pump 
and the depth at which rod failure o« 
should be recorded In 


instances, the introduction 


num 


ber of and failures 


eurs accurately 
some into a 
pumping well of a mixed string of rods 
in lieu of a the 


eliminate 95 


string of rods same 
throughout 


the 


size may 


rod bre vks 


per 
cent ot 
he 


practic al 


dynamometer, in order to 
the advantage 


other 


must have 


‘ase of operation In words 


should be 


the 


simple to train a man 
instrument so that accurate 


ob 


amount of 


operate 


ecards and interpretation can be 
with a 


The 


was a 


tained minimum 


instructior instrument described 


n the 


{ 


based on 


mechanical 
the 


paper 
the 


type 
principle of 
Through a 


the 


proving 
mechanism the 


the 


ring 


gear 


action of distortion of 


ring. 


when a load Is 


applied. is 
100 


magnihed 


approximately times on the dyna 


his 


readings or 


mometer diagram magnification 


illows very delicate varia 


ions in readings to be 


recorded 
The 


accurately 


dynamometer used 


is probably 


often as a means of obtaining the 
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By George W. Eaton, Jr. 


prope 
show? could 
other 


pertor ‘ ral important fun 


tions ‘ { the most important things 
determined trom a dyt 
is the selection of the 
irlace equipment Fron 
stand yx nt 


a init 


KeWwise 


wnstroke 


the 
could 
pulled 


yur 


properls 


contr 
trol 
tion 
shoot 


shou 
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OU Student Chapter 
Kleets New Officers 


W. I 


engineering at 


Cloud, professor ot petroleum 
the Okla 
Norman, has announced that the 
the 


University of 
homa 
Student Chapter at university ha 
elected new officers to serve during the 


present 


New 
oO. ¢ 


semester 


ofheers of include 
Collins 


Eddie 


the ¢ hapter 

Gulfport Miss 
Good, Robert Lee 
ce-president sill = Elliott, Cement 
Okla., secretary-treasurer; John Baceu 
funtsville, manager of publicity 
Howard Ark 


ian of committee 


presi 


dent Tex 


lex., 
Perdue 
the entertainment 
Glen Emerick, Chase, Kans 
the open house committee 

Pungeln. El Reno, Okla. St 
and W. | 


professor of petroleum engineer 


Camden chau 
vice hair 
jar ol 

Von 
Council representative 


ng. faculty advisor 


Meetings will be held bi-monthly 
Cloud Speakers 


chosen from among men who have had 


pointed out will be 


techni al and 


the 


practical experience it 


oil industry ~ * * 
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NORTH TEXAS SECTION 





Oil Recovery 


fol 
was held 
Hotel in 


and Is 


The first the Section 
lowing the 
September 20 at the Melrose 
Dallas. About 100 

itors attended this 
W. F. Kieschnick 

Refining Co., Dallas 
entitled, “A Preliminary Report on Oil 


meeting of 
summer recess 
member 
meeting to hear 


Atlantic | 


ent a 


and 
pre paper 


Recovery by High-Pressure Gas Inje« 
tion.” 
Kieschnick s 


method of 


reve 


talk regarding a 


lutionary obtaining higher 


the 


recovery began by proposing that 


inte ol Treservoir- 


those 


injection of gas 


much higher than 


at pressures 
conventional gia pressure 
result in consider 
The speake 


continued by explaining that if ree 


that 


used with 


maintenance would 


ably higher recoveries 
mnjpection 


vield 


if initiated ¢ 


ognized gas pressure 


maintenance will its maximun 


oil recevery aris 


clines 


hefore a reservor 


| 
the saturaty 
fluid 
Increased oil 
attributed 
fluid 


evolution al dissolved ya 


below 


the reservoir 


recover 


ire te a ma 


timum propertie 


further propose d that 


gas at pressures higher 


than those used uv i iwentiona 
enhance 


higher 


case will 


both the virgin 
resulting nm 
proposal originated 
condensate system 


These 
that a 


studies led to t cone lusion 


«vstem contamut appreciable 


imounts of hexane-plu mpoenents 


usually contains high ntirations of 


intermediates (appre ethane 


through heptane 


cated that a high 


containing these 
evapor ile much 
typical reservou 
with low concentrat 
ponents 

I Xperimment il results 
ment of oil by gas at | 
confirm thi 


led to the 


shown to 
ments alse 


ervoir volume rati« “ 


the enrichment of the tr 
gas when subsequently 


virgin oil” is highly 


SECTION 


By High Pressure Gas Injection 


By Kenneth F. Anderson 


WwW 
Higher 


JOURNAL OF 


nvolved verhaps the most 


that of the 


I 
consideration is 
id cost of 
his 


other 


the volume of gas 


factor, probably more 


would determine the 


oft the most ¢ 
CGouldy 


a short 


process in 


Roland 


and 


ases 


Chairman 
neeting together 
affairs followed 


if Sectional 


that the nominating 


1950 


ounced 
andidates for 


Section ha- 


-elect « 
North 


by the 


Texas 

Executive Com 
Don Har 
Warren 
Fisher 


will 
Worth. Chairman 
eckson. Dallas and Gordon 


wt Worth 


consist of 


ouldy pointed out that the nominat 
selected 


nt Sectional chairmen | 


committee had been from 
cause thes 
the 


the 


i position to know 


HNICK 


more 


J. KLES 


pressures 


ctive members throughout 


oil 
comn was also ap 
secretary-treas 
books fo - year. This 
will Kenneth F. An 
Dallas. ¢ \. E. Work 
Dallas 
* * * 


com 


consis 


Oil and Gas Law Meet 
lo Be Held In Dallas 


January 195] ve been set 


Annual In 
d Taxa 
sented 


three-day 


Southwestert 


dat Texas 


Ww I] deal with 
nterest as 
il and gas 
ns ieident 
ssignments © var is interests 


the property aspects and an analy 


xX problem nvolved will 


There ! be 


top-level 


| eopt 
ig phys 


beth the oil 


laXxatior 
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The Petroleum Branch, AIME, Fall 
Meeting in New Orleans, October 46 
attracted 934 members and guests 
Technical sessions held mornings and 
ternvons during the three-day meet 
ng were well attended. The Delta Se« 
hosts, should be commended for 
well-organized and excellently di 
rected meeting. The extracurricular a 
tivities, both natural and planned 
brought many glowing comments from 
the membership-at-large. On this page 
e a few pictures of the meeting's 
highlights. At left, L. S. Wescoat, pres 
lent of Pure Oil Co., addresses the 


1 meeting 


934 Attend Meeting in New Orleans 





Pte 

ticHarp W. Frevxcu, Chairman-Elect of 
he Branch, chats with Mrs. French 
above} while Chairman Joun E. Suer 
sORNE (below) and Mrs. Sherborne carry 
m conversations in two directions at the 
Annual Banquet in the Roosevelt Hotel 





ittendance gather in the hallways to 


ly . ef 
| 


ete attention (above) by each of the 


} 
it the meeting while exhibitors (below) 


elr pre luct- 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 


Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 1, 1950. Any discussion offeed thereafter should be in the form of a new paper. 











REVIEW OF CYCLING OPERATIONS IN THE 
LA GLORIA FIELD 


W. H. JUSTICE, LA GLORIA CORP., CORPUS CHRISTI, TEX., MEMBER AIME 


PURPOSE IN rRODI ( TION epresentative of each operator The 


raters Committee is assisted by an 
Cycling operations have been suc ering and Geological Sub-Com 
cessfully conducted in the La Gloria 

Zone for eight vears The ecveling of Le Gloria gas feld is situated 
this zone is now virtually completed. It nuinnsialw tiunm doiken cous ait Ms 
Is proposed that this report shall review as. Tex.. and lies prin pally in the 


ne south end of Jim Wells Coun 
with its outer limits extending inte 
north end of Brookes County, Tex 
1 simple elliptically-shaped dome 
ch has a closure of 350 ft. The field 


isses a surface area of 5,500 


the eveling operations ot this reservoir 
so that the industry can more accu 
rately evaluate the eveling process as 


i production method 


The gas reserves are found in 20 


cu FT 


BILLIONS 
BILLIONS CU FT WITHDRAWAL 


yor 
4 


ARCOM GL ATIVE IRJECTION 


LA RIA FIELL 
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major sand sone lying ‘ owe Fable I 
Frio formation and Transi 

_ mary 
the Upper Vicksburg fer ’ timiih 


: " ; 
proximately #0 gas well ive La Gloria Zone Gas Production and Injection 


Geied in exploring and developing te La Gloria Field, Jim Welle County, Texas 
was reserve { the field 
Ye y Tota 
DISCUSSION e-M f ime-Mef 
f ¢ } 1.693.044 
Ihe La . 
lower Fric 
6.515 ft at 
The average 
zone is 
had 
neat 
has an average 
und an average permealb 
MD. The productive 
is 2.680 
pressure wa 
tion temper sture 
percentage connate 
voir space has been 
cent. The original ese for th ling ope iene r plant 
La Gloria Zone i <timate t 9.28 t vailabl g ‘ tru hdrawal 
OOO cu tt at 14.6 
initial condensate recery 
estimated at 6./2/ 000 1 { { Th pre ' “ \ — e aver pressu 
and heavier condensate vhicl ( { . was not appreciab 
O11.000 bbl consist of pe P nd eservoitr ' cling re retrograde 
heavie hyvdrocarbot l Mt { f operation t t ‘ t t reservoir 
iso and normal butane ind | ; rendu \ evented s is evid 
bbl of propane. The it it i ! encroa nent t ! tha well ently 
tontent of the ga | 
28.8 bbl per MMet 
heavier hydrocarbon 
bbl per MMef ofl 
fanes and es 
M\ fof pro, 
on the La Glori 


Table XII 


veling 


AILY AVERAGE wmucr 


TPT AL LALAO PRODUCTION 


PENTARES PCUS PRQGUC 
TION 


BUTANE PRODUCTION 


Propane pRoDUt hol 


45 44 


LA 
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10,400 


».600 


$4,500 


52 900 


4.100 


5.091 


189 


1950 





Yearly T 

Pentanes 

Yea Bb] 
1941 (6 0 291.768 
1942 500,940 
1943 502.454 
1944 124.519 
1945 291,347 
19o4 233.106 
1947 168,407 
1948 112.704 
1949 (7 mos 64.205 

Potal production 

to date 2.589.450 
Estimated total productior 
2.725.260 
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The travel of the dry ga- 
oir was followed by thi 
gram. It is indicated that the 
has displaced approximately 
ent of the wet gas in the in 
The gas was injected in 
i the extreme north end 
and the gas was pro 
ng of wells located in 
ith half of the reservoir (Fig »} 
his “end-to-end sweep 
resulted in the i 
m by the dry gas of 85 per cent of 
reservoir volume 
nated that the eyeling pre 
he La Gloria reservoir is now 
cent completed. When the ey 
depletion of this reservoir are 
it is estimated that the fol 


overies will have been real 


O00 bbl or 68 per cent of original 
( condensate in 
place recovered during 
eveling 
36.000 bbl or 20.8 per cent of orig 
nal C5+ condensate u 
place recovered during 
depletion te 500-1 
ibandonment pre ire 
161.000 bbl ot 88.8 percent of orig 
nal CS condensate i 
place ecovered during 
eve'img ind depletion 
sate recovered during 


complished by handlin 
LA GLORIA FIELD 9) i 
M WELLS COUNTY, TEX s equivalent te pe 
SOPACH LA GLORIA 7¢ t rm ial gas in place ot 
of which » per cent 
tt wa dry i 


SUMMARY 
of the La Gloria Zone re 
following 
GAS ISOPACH, LAG r | recovery and sale of 68 per 


pentanes and heavier con 


Summary 


La Gloria Zone | iquuid Production 
La Gloria Field. Jim Wells County lexa- 


OH 378 
604.809 
12.833 
1 O096 
45.549 


3% BRI 


mm pletion 
16 
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densate content of gas t pletion is estimate 


ing the cycling period. This (4) At 
vided a substantial income nm this 


the time 
reservoir tl 
gas reserve during this eig! ble 


y y it) a smal] seas 


cling period prev 1iling price 
extremely 
(2) The eye ling of this 1 . las > 
eveling 
reduced the retrograde lo } oul ne 
ment of 
have occurred if the reserve ™ 
residue 
been cycled. The amount h ) . 
, gas sale 
varies with the pentane | co 


The a the La °YClable 


gas ! ga 


of the reservoir 
sale it 
Gloria reservoir had a moderat recoy 


become 
erable pentane plus condensat ontent 


: the first quarte 
of 28.8 bbl per MMef so t he is ee ee 
wll be met ini 

creased recovery of condet t 


from this re 
eveling was not as lar 


Gas will becon 
have been for a 


gas conta 
ther res 
amount of condensate 
from 

(3) Cyeling has 
ultimate recovery 
this reservoir since 
gas remaining in 
thandonment press 
has alre ady been proce 
estimated the abandonmer 
this reservoir at 500 1 
result in the abandor fron 
cent of the g initial substantial 
retrograde loss of period from 


heavier ontent of th beer i vers 
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REVIEW OF CYCLING OPERATIONS IN THE LA GLORIA FIELD 


It is not to be concluded, however 
that the cycling of other fields contain 
ng gas with the same condensate con 

would be as economically profit 
thle. Because of the change in the avail 
ibility of substantial gas markets at 
prices considerably higher than were 
formerly available, increased construc 
tion cost and other changes, each pro 
ect should be critically examined t& 
letermine the most economical produc 


thon me the d 
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PERFORMANCE OF LIMESTONE 


R. C. CRAZE, HUMBLE Oll AND REFINING CO., HOUSTON 


ABSTRACT 
During the past 20 years. research and developme 
study of reservoir behavior have dealt principally wit! 
Many 


have proved valuable in promoting recovery efhcier 


oil through sandstones reservoir studies of sar 

This paper discusses fundamental principles gover 
ind gas production from sandstone and limestone a 
presents the results of investigations relating to the 
ot 


studies 


analytical for sandstone 
the 
characteristics 
ability 


characteristics 


tion techniques used 
ot 


limestone 


to study limestone 
ot 
relationships 
of 


made 


reservoir pertorma 


porous systems, porosit 


distribution and occurrence 


flow through such systems are 
of the differe: 

these factors exhibit in limestone and sandstone syster 
data for 
It is indicated that the 


tion and movement of fluids in and through porous | 


Recegnition is similarities 


or 


parisons between operating typical lime 


sand reservoirs are presented 


follow the same fundamental principles underlying 
This fundamental similarity may 
the of 


esses sandstones 


in 


be discernible in performance e many 


reservoirs 
balance and unsteady state radial f 
| 


The volumetric 
tion, the fluid d splac ement equation, use of electrica 
and other analytical techniques to study the 
fields 
worough understanding of the properties of t 
the fluids, their behavior during flow 
operating data. Need for 


examination of core properties 


devices 


of limestone appear fundamentally applicable 
require th 
ot 


pre duction 


thon ind 
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ed that water occupied 
and oil all the fracture por 
| 
i 


visually when the cores 


. , 
was intercrystalline dolomite having 


nburger field, Yarbrough and A 
that the tractures and inter 


portion of the recoverable 


FLUID MECHANICS 
Relative Permeability 


low of a fluid in a reservoir rock 
permeability of the rock to t 
il and gas, are flowing simultaneous 
to each depends upon the tractior 


oceupied by each fluid. These effective perme 








expressed as a relative permeability to 
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sand and limestone were then removed. The remaining We 
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The results of these active oil studies indicated ‘ i ‘ howed dehnite imterterence between 
|. There is no evidence that delayed oil entry wells, pres e drops psi being observed after 24 hours 
of low permeability is of significant importance \ t fr tl wroducing well, and 3 psi in a well 
in itll aie a tiotevtaw uf Uaemebeed as verage rate of flow in the producing well 
ie d ences in behavior o nesto , 
voirs appear not to be fundamental 


i cttiue ofl ietlistins Rum Keke sattluiast sillienihe : { tor the permeability-thickness product and 


ised to check volumetric estimates, to se . ' ‘ nines product were reasonably consistent 


predictions, to smooth the pressure-productior , r the offset w However, extrapolation of the flow test 

timate oil in place for fields without adequat ! sa he | ' well failed to check these quantities 
hes ae | : easured pressure drop in the pro 
clive ol Calculations may " uses to one 


than ten times too high to be con 
i water drive 


lrops observed in the offset wells 

studies for fields o ‘ 
Active oil studies for held n which data formation properties. The results 
will serve as a background for studving fields w reasonable check of the porosity 
data or where proper interpretation of availabl 


ful. 


ts with that from core data could 


entire Elienburger formation thickness 
More complete core data are needed for « ‘ ‘ and i t 


he 


hickness of the productive oil zone 
Core data provide the best approach t t t was felt that the determination of oil in 
nate production and are necessary erence test data was not possible 
of reservoir behavior ressure-production-time relations ob 


on a number of wells in West Texas 

FLOW AND INTERFERENCE TESTS fields | ' o determine the applicability of the 

2 te te ¢ n depicting the flew characteristics of 

As part of the study of limestone reservoirs, a \ tone é } results have indicated that the unsteady 


on represents the flow relations in lime 


and interference tests was conducted in the Mart 


: 
West Texas, a water drive reservoir producing well as in sandstone producers. Inter 


crude from the Fllenburger dolomite. These tests we lata through this equation has permitted 
obtain information which might aid in determi ition permeability of wells producing 
not the unsteady state radial flow equation used I { tor ‘ar larly, tor those wells with declining 
in the interpretation of fluid flow behavior in sa | luctivity rs, from the slope of the pressure drop versus 


cisely predicts transient behavior in a limestone ition, the permeability of the forma 
was hoped by using the pressure variations obse ind checked reasonably well with 


wells during the interference tests. the time at the il t \ rom core data. The chief 


requisite for 
variations were measured, the distances of the off measurement from flow test data is 


wells to the producing well, the rate of oil produ ial duration. The sensitivity of the 


properties of the reserveir oil that the porosity a ert quation t ' porosity, however, is not adequate to 


ibility of the formation could be caleulated thr f 1 ‘ i leulating this important characteristic 


the unsteady state equation. Furthermore. should iny accuracy. In Fig. 11 is shown 


be determined, the product of porosity, thick: pt re ons for a flow test obtained on a well 


ippropriate area would vield the volume of flu 
} 0 serve 0 ares 

the total reservoir or any areal unit 1 to amplify the interpretation of 
ing the tlow and interference tests 


wv through the medium of flow and 
ing from the highly permeable, fractured dol 
n, the resulting small pressure drops were me 
rately by means of a dead-weight tester attached t wna : ‘wo 
sana ee een wai arte ny 2c Aramis en iy PRODUCTION PRACTICES 
with undersaturated oil, pressure drops as low a Well Spacing 
he sy ng limestone reservoirs has in recent 
Proof that much wider spacing of 
. ‘ thar f ployed in many fields in the past can 
in, T ‘ T le t rau orous formation throughout a continu 
- demonstrated in the compara 
to date in many of our sand 
urs The results of interference 
highly permeable fractured lime 
sive evidence of fluid movement 
Even in limestones of low perme 
iction behavior of infill-drilled wells 
dicated that the portion of the inter 
penetrated by the infill well had been 
d wells to the same degree as the 
nee that the closer-spaced wells 
field recovery 
corroborated the fact that 
influence of distance between 
ippreciable eflect ipon the ulti 
FIG. 11 — RESULTS OF FLOW TEST L. P. BENNETT 15 WA ne FOC e obtained from a reservoir. The properties 


VOL. 189, 1950 PETROLEUM TRANSACTIONS, AIME 293 





T.P. 2935 PERFORMANCE 


it the 
teristics of the 


formation, the cont ol the structure ie 


oil, and the degree to which the operat 


ciently controls and utilize forces available 


of 


The proper spacing of well 


th 


oil do have a protound effect upon the recover 


becomes a proble m 


in the reservoir and not 


their structural position 


between wells as such 


Well Completion 


Completion of wells in iestone or sandstone reset 


ther 


must satisfy two condition irst, a well should be comp 


" it 


wells, the 
madly, the 


nit workove 


max 
should 


for the 


%» as to provide, along wit! im 


recovery from the reservoir. Se well 


| 
to per r 


pleted in such fashion a | 


limited 


of gas or water or change the completion interval " 


ind least expensive 


ly 


ner which is straight-forward 


ditions lead to completion normal within a t 


n the lower, rather than the uy reservi 


In 


water 


r yper, portion of the 


a water drive reserv ich completion permit 


lowe ! 


ng 


encroachment illow the portion 


to be flooded 


sively higher section 


ol 


rerservol 


fo] of 
fol ’ 


fret by flooding 


lowed 


is wells are progressively worked 
well 


ele 


iter 


standpoint 
maximum depth and 
In fields without 
i} thus 


rvoirs 


This is practical from the workover a 


lrilled th 
plugged back to shut off 


originally t 
" 


water 


without initial type of com 


In 
of the productive zone | 
that 


and with or is Caps, 


is also preferable such rese completion near tl 


cive to higher ultimate re« 


{tl 


j 


{ 


ie benefits of 


the 


taken 
ot 


advantag 
l 


im maxitium 


retention in resel 


v} 


tational segregation an las 


later 
and exclus 


Initial completion near t t may require exper 
deepening to deplete low ons on of 


impossible 
ippears to be 
to drill wells t 
the 


become 
It 


nation 


in im Lime 


letion pr sctice 
ot the 


nimum interval required 


I 


| I 


within 


ottom productive 


ind complete 


t above the 


wot 


! distance 
suthcient 
distance 
of the 
a satustactory prod rT 


Lhe 
ad be 

his 
ibility 
iat 


atisfactory productivity or 


if a water drive is preset on 


mmmediate 
th 
the 


produc tion « 
id 


e continuity ar producing 


upon 
lt 


factor 


perme ability 3 tl 
be 
i 

th 


the 


obtaine 


be 


by opening the entire 
to 


innet 


would referable sacrihee produ 


opel 


lowe 


live ection 


factor rather in re section. In such event 


pletion within t fourth of the productive 


hould be reasonably sat 


Maximum Efficient Rates 
The 


mann 


maximum efhcient production tor a re 


maintained without 


is 


dependent primari 


the 


ippreciable as well as in 


the maximum ethcrent | 


f cht 


held 


type o ve available von the individual character 


{ each 


For 


luction 


water iximum ethcient 


i maintain reservoir pre 


t tial pressure oO! ot the 
pres 


rate 


above 


pr 
tribution 


or 
permit uniform 


le 


ration 
id to uniform ‘ 
rdvancee i 
flushing 
demand ent 


It 


drop 


importan 
tw 


fing ind water 


hive 
For 

d 

reservoir 


Maxin 


ind 


taine 
invade 


t 


rm nif 
" 
} 


294 PETROLEUM 


OF LIMESTONE RESERVOIRS 


I 


for preduct 


let 
lete 


ate 


exciu 


ethe 
obtaine 


inals 


ent produ 
through 


field 


I 
} | 1 complete 
ot ind = =well 


CONCLUSION 


the performance 


indamenta 
the 


sic principles whicl 


d through 


forr 
tune 


s ame 


in 


limestone ul 


idstone 
eometry of the 


rock 


wice 


n 


The 


variation 


he 


pore spaces 


1 in their 


pore sizes widely 


~¢ 
estone 


formations 


rdify 


cor 


4 


which may nm the reservoir 


iffieult the 
periorn 
predict the 
rt 
interpretation 


lie 


t 


overy 


to 


ind the if 


ippe 
iracterist 


of oil 


rre ‘ 


ir to »btaining a 


s of the limestone 


that 


the 


in media, and of 


flow chara 


« 


gas prodt 
both 


sana 


ACKNOWLED( 
the H 


N1 


REFERENCES 
\IMI 4 
\IMEI O49 


( 


142, 
186, 


M AIMEI 


TRANSA 





ESTIMATION OF INTERSTITIAL 


THE ELECTRIC LOG 


WATER FROM 


MILTON WILLIAMS, HUMBLE O!L AND REFINING CO., HOUSTON, TEXAS, MEMBER AIME 


ABSTRACT 

A comparison is made between the 
amount of interstitial water found by 
analysis in cores and that estimated 
from the resistivity curve of the electric 
log for the corresponding strata of 
producing reservoirs. It is shown that 
while the determined and the estimated 
water saturations are in good agree 
ment in some cases, this agreement 
may be due to a fortuitous compensa 
tion of errors. Estimates of water sat 
urations made from the electric log by 
use of existing relations should, there 
fore, be employed with caution. Also 
presented are data on the variation of 
salinity of interstitial waters in reser 
voir sands, and on the effect of varia 
tion of salinity and porosity on the 
validity of estimates of water content 


made from the electric log 


INTRODUCTION 


Throughout the history of electric 
logging there have been recurrent cycles 
of optimism and pessimism as to the 
value of the electric log in the quanti 
tative estimation of reservoir fluid con 
tent. The very early days of electric 
logging were an optimistic period, ir 
which there was widespread faith in the 
ability of the resistivity curve to reflect 
fluid content, and in the ability of the 


potential curve to indicate textural 


References are given at end of paper 
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im ila 


tion of exceptions to this idealistic be 


character s In ime the ace 


havior brought about a general disil 
lusionment, and caused the more pessi 
mistic of those dealing with electric logs 
to believe that the sole importance of 
the log la n stratigrapt correlatior 

Within the last several years opt 
mism as to the quantitative use of the 
electric log has been revived, primarily 
as the result of the stimulating work of 
G. | ré on the estimation of 
interstitial iter in sands from resis 
tivity data ve wugh the general 
trend ight on the quantitative 
value « electric log reflects opti 
mist t inevitable that there are 
some wid divergent opinions of the 
validity iantitative estimates based 
on the ‘ c log 

\ lid method of estimation of fluid 
content by means of tl c leg and 
textural 


a genera knowledge 


character f " reservoir rock would 


be of 


that 1 sé me and money it 


mportance, not only ir 


securing ni mé 0 m reservoirs now 
being dr 1, but also because it would 
permit the evaluation of reserves in 
many fields drilled without adequat: 
core data ipsequent to the advent of 
electr logging 
Because of this importance, Humble 

Product Research Division, in coop 


eration with various other company 
divisior tiated several years ago a 


series of tests designed to evaluate the 


reliability of estimates of fluid content 
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made from the electric log. The inves- 
tigation was limited at the outset te 
sand reservoirs, since it was felt that 
the inclusion of limestone reservoirs 
would entail needless complications. 

In devising these tests it was imme 
diately apparent that the chief difficulty 
in evaluating the worth of any method 
of estimation lay in establishing the 
true value of fluid content. The results 
of direct analyses of cores cut with 
ordinary mud were not sufficient, be 
cause of the probability of contamina 
tion of the fluids by filtrate from the 
drilling mud; the results of restored 
state tests on cores were deemed un 
suitable because these results can hard 
ly be said to furnish a primary stan 
lard 

The method adopted was the direct 
inalysis of cores cut with an oil-base 
drilling fluid. Such cores, when prop 
erly handled, are believed to afford the 
most precise determination of water 
content available at the present, and 
in addition, lend themselves readily to 
the determination of various other 
properties which are pertinent to the 
estimation of fluid content from the 
electric log. 

Since it was desired to compare the 
fluid contents estimated from the ele 
tric log run in ordinary mud with cores 

it in the same hole, the use of oil-base 
fluid necessitated the changing over, 
ifter all cores were cut, to a conven 
tional mud, This procedure presented 
several advantages, one of which was 
that the use of oil-base fluid permitted 
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the drilling of the hole losely t Samples 


inte 
gauge. Again, use of oil-base fluid al after the 


cleaning proce v rusl san t i small 
lowed a comparison to be made between pleted and were 


gether 
electric logs made in the same hole lowing 


determinat hloride 
n oil-base and in natural mud 
Resistivity of the 
EXPERIMENTAI 
PROCEDURE 
Iwo wells in the Hawkir bield 
field in East Texas which produces fron 
i thick Woodbine sand section, were 
chosen for the initial tests. One of the 


ninatior 
wells was located near the edge the 


t salinity 
tructure ind penetrated I h the oil lepend or 
zone and a portion of the underlying 


content 


water zone. The other well was located 
nearer to the center of the tructure 


ipa i portion 


ind penetrated a gas « 
of the oil zone The 
in this particular field 
comparison with that 
reservoir encounteres 
Rockies. The electric logs 
field are usually considered atte 
liable and diagnosti 


eme co n barrel 
After complet on of the experimental ng f 


work on these two well iditional 
data pertinent to the 
methods of estimation 
were obtained in the Cl 


Southwest Texa Ir 


Determination of Interstitial 
the Navarre and were obta ned \ ' ' 2 “ 
, Water Content 
of oil-base fluid. and eleetr i “ mp e | t lis 


run in the same fluid by use ial water 


er electrode Since the | tt \ 1 red witt the ec an determined 
pose of the use of oil-base 
held was to increase pr 
was not practi al to ch 
mud after completion 
results of tests in this 
fore limited, but serves 
light on the validity 
estimates made from the 
In all case every at 
to minimize contaminatior 
by filtrate from the 
obtain large en 
liscarding of the out { the « sista Amy t re o ' volume 
i conventional ce mart Vv ; ne ! nl de : ition « an ele 
It was found mo leterminatior 
each core to the that 
ifter it was cu 
from the barrel as 
After removal tron 
were first wiped dry 
portion Was ren 
wire brush or 
edure wa lle 


dispatch it wa observed that 
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{ oil contained in the core was fished 
t. The refractive index of this droplet 
vas determined by use of a compact 
ortable refractometer, and the oil con 
{ the droplet was determined by 
to a calibration chart which 

ke the calinity ‘of the minure of i the refractive index as a fun 


the perce re ot 7 ‘ 

nterstitial water and diluent ons on are oth 5 = _ 

present in the mixture. Since a 

V, is the volun of interstit: ler 
is the ime of interstitial wate 1 volume of the liquid of high 

resent in the samp an j 

present in the ample, and tive index was employed, the oil 


V. is the volume of diluent added nt of the core could then be 


ited 
The use of a solution of an electro | 
e as a diluent in this method, rather : : This method was found to be quite 
Hawk miter ict 
than the use of pure water, was found . 1, and gave re sults in close agree 
imple mit | j 
to be necessary in order to coagulate nt th these obtained by use of the 


ivt 


the clay normally present in core sat — ; re conventional method 
ples. If this clay is not coagulated by 
the electrolyte idsorption by the clay P 
orosits 

of a portion of the water added in the 

lilution will introduce some error ints ' : \ ' ‘orosity of each of the core samples 
the determination. A suitable electro 3 a a ek ae vas determined both by the Washburn 
lvte was found to be calcium nitrate nee ; ' Bunting method, and by a comparison 
ised in the diluent solution in 21% per ; ; : f bulk and grain density. In the case 
cent concentration 7 ; ; : f the Hawkins cores, porosity measure 


4 variation of the foregoing method were made on samples adjacent 





onsisted in the determination of the hose used for the determination of 


riginal salinity by use of the chloride ' ' Huid contents. In the case of the Char 
sensitive electrode, followed by the de ane ent ute cores, the determination of poros 
ileal 5 lie tenes RT eMail 1 comparison of bulk and grain 
portion ties was made on the same core 
iple used for assay for fluid contents 

was done by determining the bulk 

of the wet core (containing in 

il water and oil) crushing thi 

nple, determining the fluid contents 

ind then correcting the wet bulk den 

ity to dry bulk density, The latter 

together with the grain density, wa 

ed for the computation of the total 

The use of the identical sam 

oth porosity and fluid content 

ninations resulted in consistent 

ituration values, and eliminated 

on source of uncertainty in com 


iturations 


general, the total porosity was 


to be somewhat higher than the 


rent porosity as determined by the 


n-Bunting method. Since it i 
that the latter i subject to 
the total porosity wa 


computation of fluid satur 


Permeability 


Pers ibility. both parallel ind per 
licular to the bedding plane, was 


HAWKING W letermined by conventional methods 
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Formation Factor 


The ratie of the resistivity of a core 
with a 
of the 


sclution alone, defined by Sundberg’ as 


sample completely saturated 


saline solution to the resistivity 
resistivity factor” and 


the “formation 


by Archie’ simply as the “formation 
factor,” was determined for all samples 
which were competent enough to with 
stand the treatment involved. Small test 


cylinders were cut from the core sam 
ples by use of a diamond drill, and then 
were cleaned by flowing through them 
portions of 
The 
salt water duplicated in composition the 
the 


under pressure successive 


toluene, acetone, and salt water 


water produced from respective 


fields. Following this treatment, the core 
samples were submerged in a vessel of 


salt water. The vessel was evacuated to 


remove all air from the samples, then 


a pressure slightly higher than atmos 


pheric was applied. The core samples 


were removed, and resistance deter 


minations were made immediately by 


ELECTRICAL 

ELECTRIC LOG 
seit 

Potentia 


Me 


Resistivity 


nm meters 


ON 


ESTIMATION OF INTERSTITIAL WATER FROM THE ELECTRIC LOG 


lable I 


Mud resistivity at surfa 
Bottom-hole 
Estimated mud resistivity at 


temperature 
temperature, ohmmeter 
Nominal hole size, In 
means of a four-electrode system 
The 


computed tror 


resistivy 


alternating current 
the cores were 
sistance values and the physi: 
sions. The formation factors 
determined by dividing the resis 
of by the 


water used to saturate then 


the resistivity 


cores 


Mounce Potential 


cluding 


All 


whic h 


core samples 1Os€ 
were shale or predominantly 
shale, were subjected to a determinatior 


This potent 4 


Rust," 


of the Mounce potential 
by Mounce and 


shale or clay 


described 


saline 


when a 


MEASUREMENTS 
CORES 
Pesistivity 
nm - meters 


3 


Downstructure Well 
4.8 (at 78°F 


168 


Upstructure Well 


6% 


‘ 


water is brought into contact with water 
f a different 


of the potential, when salinities of 


The magnitude 
the 


salinity 


waters 


reflect 


are 


the 


extraneous 
to 


interstitial and 


held 


percentage 


constant, appears 


of shale or clay present in 


the sample 
The determination was made by in 
terposing the core sample between two 


of 


In 


hollowed-out rubber stoppers, one 


which contained water equivalent 
composition to water produced from the 
respective field, and the other of which 
fresh Nonpolarizable 


immersed the 


contained water 


electrodes in two solu 


tions were connected to a vacuum tube 


ELECTRICAL MEASUREMENTS 
ON CORES 
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voltmeter, which indicated the value 
the Mounce potential 

In an attempt to correlate the results 
of measurements of the Mounce poten 
tial with clay content, measurements 
were made of the dye adsorptivity of the 
ore samples, a method purported to be 
indicative of clay content. The latter 
method proved to be ineffective. Since 
the results of Mounce potential meas 
irements were in agreement with visual 
observations of clay content, no use 
was made of the results obtained fron 


the dve adsorption method 


ELECTRIC LOG DATA 
Hawkins Wells 
Electric logs were run in both wells 
in the Hawkins Field immediately after 
the oil-base fluid used in coring had 
been displaced with conventional water 
mud. In each case. the hole was then 
inderreamed from a nominal diameter 
in. to a nominal diameter of 
and additional logs were run. In 
each well the electric log made in the 
hole before underreaming was net sig 
nificantly different from the log made in 
the reamed hole, nor was it materialls 
different from logs made in nearby well- 
lrilled entirely with ordinary wate: 
ids. This agreement indicates that the 
ise of oil-base fluid ir drilling had little 
r no effect on the log made after dis 
placement of oil-base fluid with con 


ventional mud 


Fig. 1 


i repr snduction of conver 
tional electric logs made in the tw 
Hawkins wells before the holes were 
inderreamed. Table | gives the infor 
mation which would ordinarily be uti 
lized in the quantitative interpretatior 
of these leg- 

The measurements of mud resistivity 
it the surface were made with no par 
ticular care either in selecting sample 
vhich would be 


ittempting to secure a high degree o 


representative or n 


weeuracy in the technique of the mea- 
irement 

Calipe ogs made in both well 
howed t actual diameters of the 


le : ae , to the nominal 


shown in Fig 
electric gs were also made with a 
woint electrode device and with other 
multielectrode configuration 
Charlotte Wells 
Althoug! 


Navarro sand of ti ‘ 


everal well- 


rilled 
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were base flu relation of the resistivity of 
yielded its interstitial water content 
samples 
compar et nu ¢ ! ie effects of variable physical 
such as porosity, shale and 
lay content of the rock, and salinity 
f the interstitial water on the relation 
f resistivity to interstitial water cor 


tent 


Comparison of Apparent 
Resistivity from Electric Log 
with Resistivity of Cores 


In order to compare the apparent re 

tivity values read from the electri 

with the resistivity measurements 

ide on the cores immediately after 

moval from the core barrel, it wa 
to: 

Adjust the latter values to correct 
bottom-hole temperature, and 
ct values from the electric log 

1 would corre spond in depth to the 

tt of the core samples 

The temperature correction was made 
the assumption that the resistivity 
f the interstitial water had the same 
nperature coefficient as that of a solu 

tion of pure sod um chloride 
I general, since core recovery wa 
ionally good, there was no difh 
assigning depths to the major 
core imple-s in order that 
ty values could be read from 
electric logs at corresponding 
There were a few exception 
where the depths of incom 
t overed cores were in doubt 
itter of three or four feet. 
es, a comparison of a plot 
lepth of the Mounce potential 
recovered portion of the core 
t potential curve of the electric 
ved a valuable aid. Correspond 


between the two co Id isually he 


CORRELATION OF RESULT 


readily, and was used to estab 
true depth of the incomplete 


shows a comparison of the 
ind Mounee 


ns core with the 


pote ntials of 


potential 
h-spaced resistivity curves of 
ic logs made in these well 
ice potential values measured 
cores agree very well in magni 


with the potential values of the 


log Though the logs of re 
ties measured on the core sample 
striking similarities in character 


the resistivity curves of the electri« 
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logs, it is obvious that the apparent 

resistivity values of the electric logs 

were generally much less than the re Consideration 

sistivities measured on the cores tor ndicated the TD ie resistivity 


The question immediately arises a f the strata in situ net far dif 
to how closely the resistivity of the ferent trom the resistivity of the cores 


cores approximates the resistivity of orrected to bottom-hole temperature 


the same material in situ. This resolves <3 To investigate the relationship be 


itself into the questions of tween the apparent resistivity read from 
1. How much aqueous fluid was lost _ . ~ z the electric log and the true resistivity 
from the cores prior to the measurement % ti, . 
| > _ ee 
bad . 


of resistivity at the surface, and 


ited by the meas 
ores, a comy 
‘ tr cor resistivil : re ’ point 
2 Whether or not the resistivity ’ . 49 
f resistivity t corresponding 


measurements at the surface were af 
read from su og curves 
fected by contaminatior { the 


by the oil-base fluid 


sa plot ot cor I st data 


FIG. 3 — COMPARISON pont 


{ 


It is certain that a small am of TIES WITH POINT VALUE f Cantos Chee Ee te 
RESIST 
Ha 


water was lost from the core sample wkins wells from the oil 
by evaporation during the time neces oe ; nade is . harlotte well 
sary to clean and select t ample } ' | io of core resistiv 
This amount, however, was minor, as . corrected to bottom-hole tempera 
shown by reasonably close agreement that the water saturat | ' to the apparent 
of the average value of salinity of the part of the Woodbine t t | ’ 1e electric log 
interstitial water in the sample kins were 
with the salinity of produces } per cent ! eve i rt hay) f close correspondence 
from the Hawkin bield 1 more be aseribe i I ! I . istivit data with the 
strikingly, by the fact it the water fluid, since ‘ , tric . ' beng obtained. the 
aturation found by analy ample flushing po 
recovered from the water e encoun operations cou ed ew t ae teen ences rh » value 
tered in the downstructur Hawkin iration to i ‘ ‘ ‘ ‘ fro iwure how 
well wa im excess «af * » cent wise incor il ‘ t 1 } ot i Hawkin 
Contamimation of the cor ! oil water cr t f ime ' id <sparity betweet 
base fluid ix thought not t v the mud b ‘ with t ' wo resi tw oy cept pos 
serous The core ample or postulated by e t ¢ t } , t) ) pstivity ind 
water bearing zone refers his the oil-base fluid \ the Bs om fu rt s no relatior 
was quite permeable, ha elu t ised in Hawk deviation 
oil present, showing 
no flushing by the 


taken place. It 


lable Il 
( omparison of Resistivities Estimated from Eleetri« Log with 


Average Core Resistivities Hawkins Wells 


Demgnat 
of 


Interva’ 
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FIG. 4 — COMPARISON OF CORE RESISTIVI 
TIES WITH RESISTIVITIES FROM ELECTRIC LOG 
MADE IN OIL-BASE MUD, CHARLOTTE 


log resistivities was fairly good for the 
Charlotte oil-base run. This agreement 
may be examined more closely in Fig. 4 
in which the electric log resistivities are 
compared directly with the core resistiv 
ities by plotting beth on Cartesian co 
ordinates 
It is realized that the point values of 
resistivity read from the electric log 
which were used in Fig. 3. included 
~crne values which were spuriously low 
because of the geometry of the electrode 
configuration used in making the log 
These low values would normally be 
discounted in the estimation of inter 
stitial water saturation by use 
resistivity curve. An attempt was con 
-equently made to eliminate these val 
ues from those data from the Hawkin- 
wells which were used for comparison 
The procedure used in this attempt was 
identical with that currently employed 
by many of those engaged in the quan 
titative interpretation of electric logs 
In this procedure the section logged m 
each of the Hawkins wells was first. by 
reference to the potential curve, divided 
ito depth intervals which appeared to 
embrace only homogeneous sand. These 
intervals are indicated in Fig. 1 The 
maximum values of resistivity given by 
16-in. and 64in. curves were then 
‘rval. So-called 
were ther compute j 
maximum values by use of 
ves The proced ite 


rulation 


the depth interval 
Hawkins wells, the max 
apparent resistivitie 


1 63-in. curves ir 
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resistivity im estimating sore 

esistivity of the interval. Perhaps 

ore importance, they also lead log 

illy to the question of how, by the use 
logs made with currently available 
juipment, one may distinguish be 
tween resistivity effects which are pre 
nantly due to the geometry of 
tipment and strata, and those which 
:used by real changes in rock tex 


or fluid content 


It is believed to be significant that the 
fawkins log resistivities, either as read 
re from the log or as corrected 
use of published departure 

were generally lower than 

re resistivities, whereas good 
greement was obtained at Charlotte 
iv be concluded from this that 
effect of ordinary mud. in jux 
sition with resistant beds, in shunt 

i portion of the electric current 

ed in making the resistivity log may 
quite serious and that the various 
methods proposed in the past for cor 
recting for this effect and for the anal 
effect of filtrate invasion are 
dequate Parenthetically it may 
bserved that the use of wide 
rode spacing originally introduced 
nimize the effects of the presence 

id and of filtrate invasion, usually 

no satisfactory solution to the 


lem because of the averaging effect 


“ 
VITY INDEX 


WATER SATURATION 


PRES ees 5) ES oes 


+ 


) Reference Line Bosed | 
fo Arcmas Dato 4 





POROSITY 


MATION FACTOR ¥V POROSITY 
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of the wide spacing The iverage re 


sistivity obtained with wide spacing 
ordinarily encompasses low resistivity 
shale streaks as well as the higher 
resistivity sand members of interest 
The assumption under which very wide 
spacing is presumed to be of advantage 
that the productive interval is a very 
thick, entirely homogeneous bed, is a 
naivete in the light of the actual tex 
ture and bedding of most reservoir 


material 


Insofar as the resistivity ft a pro 
ductive sand enters into the quantita 
tive estimation of fluid content, it really 
matters little whether the resistivity i 
actually the true resistivity or whether 
it is some other quantity —-provided, if 
it be some other quantity, that it bear 
some recognizable relation to the true 
resistivity or to the fluid content 

The effect of fallaciously low electric 
log resistivities, when used in the esti 
mation of interstitial water, is, in the 
absence of compensating errors, to 
make the computed water ituratior 


too high 


Relation Between Wate: 
Content and Resistivity 


To investigate the relat 
tween interstitial water content and re 
sistivitvy, use was made of the results 
of analysis for interstitial water and 
the resistivity data obtained on the 


ised by 


“resistivity ndex” was 


cores Following the procedure 
Archie the 
plotted igainst the interstitial water 
saturation expressed a vercentage 
of the total pore volume resistivity 
index is defined by Archie as the ratio 
f the core resistivity at a 

tron oat nterstitia 

sistivity of the core 

ited with interstitial 
shows a plot of these 
from the two Hawkins 

of the cores from the 
were altered during the 
irating with salt water 
these determination were 
Shown in Fig ys a 
senting Archie's relation 
index 


to resistivity 


to be Ipprox mately 


where 


S is the interstitial water saturation 
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R, is the resistivit tt ‘ Archie has found that the tormatior 
pletely saturated wit erstitial wate factor, which enters into the relatior 
R is the resistivity ship between resistivity and interstitial 
interstitial water water saturation, is in turn related to 
In general, th the porosity and other textural proy 
Ar »*s ne these i erties of a sand by the relatior 


k p 


lie above 
ticular data 
better than 
given by tl F is the formatior 7 the 
ratio between the resistivity of a sand 
mm pletely saturated with brine to the 
Even for resistivity of the brine alone 
siderable 
P is the sand porosity 


expressed as 
minations 


Archie's ju 


ently was based 


traction 


4 “cementali la je pend 


cementir material asso 


ent upon the 


tained in the laboratory » 
ated with the sand 
ibly clean sands. Sine 


, chie 5 renorte , se value of 
Genes the dete shown Archie has reported that the value 


varies from about 1.3 for clean, un 


Hawkins samples did 
msolidated sands to more than 2 for 


well to the square 1 

, 
well-cemented 
s reasonable to supm Il t ented 
found in other resery I ield In Fig. 6, s¢ rehie relatior 


i different relationsh etween formation factor and sand tex 


pointed out this ture hold, and should the sand samples 


nd conside mn , 00 uct 
It is interesting to n inder nsideration not vary too mut 
characteristics, the data 
ints would be expected to lie along 


Althoug! 


of the square root rel , , - the data cannot very well be repre 


1 
of the discrepans y n textural 


root relation and t | 
Fig : ™ 1 straight line of slope —m 


tleud Dy 


ing interstitial wate by a straight line of reasonable 
the absence of other d the line joining the center of 
vield erroneously | value nass of the points with the lower right 
orner of the graph has a slope 


1.7, which is a reasonable 


particular sand cored 


Archie's cementation factor fo 
Effect of Variation of Properties moderately clean Woodbine sat 


of Sand and of Interstitial Water p ee 


generall Individual values computed 


om the data on each core sample 

ged from slightly over one to almost 

In view of this large spread ar 

was made to determine whether 

1 relation exists between the 

1 particular sample and 

yntent of clav as reflected by the 
e potential. The resu 


on were mcomn 


Table Il 


Water Saturation Values Computed from Point 
Hawkins Wells 
Downstructure 


Comparison of \verage 


Resistivities with Saturations Found by Core Analysis 
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It is evident from the scattering of in Hawkins approximately equal t 


slinity of the interstitial 





the data shown in Fig. 6 that additional the average 
information on the geometry and tex water found the structurally lower 


tural characteristics of sands is urgent well, which penetrated the water 

ly needed ducing zone. There was 
correlatior salinity wit! 

In spite of the apparent lack of cor : ; 

. texture 

relation of porosity with other textural ' 

P samples 

characteristics of Hawkins samples, it P 


is felt that only minor errors are intro Because 


duced by variation of sand texture n the prod 


alone into the estimation of interstitial lotte well it w ‘ vossible leter 
water from the electric log mine whether or not there was a trend 


. of salinit with depth. Contrary to ex 
[he variation of salinity of the inter ’ ‘ 
perience the Hawkins field, however 

stitial water in the samples both from 








there appe 1 to be a_ well-defined 





Hawkins and from Charlotte was much seaaeh tm tie. Chasieims eametin of 0,000 20,000 30,00 
In . ' . SALINITY PPM SODIUM CHLORIDE 
creasing sa tv with increasing shale 
> se « he ) »I]s » 
the case of the two wells in the Haw content of the cores as reflected by t FIG. 8 — MOUNCE POTENTIAL VS. SALINITY 
kins field, the variation of salinity was Mounce potential. This is thastrated OF INTERSTITIAL WATER, CHARLOTTE CORE 


found to be erratic over short intervals, SAMPLES 


greater than had been anticipated 


Fig. 8 The re siltv samples, whict 
but with a definite trend of increasing vielded higher potentials, had substar 
salinity with increasing depth. This tially lower salinities than the cleaner 
is shown by Fig. 7, in which the salinity ones. The water produced from an edg 


is plotted against subsea depth for well in t é which may be pre Comparison of Estimated Water 


both of the Hawkins wells and for the sumed to flow from a permeable sand — Saturation with Saturation 
Charlotte well. The salinity of water member having low Mounce poter Determined by Anaiveis 
produced from wells low on structure tial, had ty of approximate ‘ » 
40.000 In the preceding discussion, it has 
been pointed out that the apparent re 
potential sistivities read from the electric log 


6 ai were generally too low. It has been 
and 8 that 


HAWKINS variatior lini nay complicate 


the proble of estimating the 


shown that the relation found to obtain 
between true resistivity and water sat 
ration deviated from the square 
stitial water ntent of a reservoir sand a 
, root relation, and that the use of the 
from the log. Since, however 
true resistivity in the square root 
the effect t i tv of interstitial water 
relation should yield computed values 
on the I fivily 1 relatively small 


—> } . ' f interstitial water saturation which 
such a ! m probably introduce 
| rn > on 7 inte It fol 


onls ire lower than the actual values 

ws that the deviation from the 

quare root relation was such that it 

tended to compensate for the error in 

luced by use of the resistivity values 

ror the electric log Although only 

CHARLOT TE : limited amount of data has been con 

idered, it seems logical to suppose 


that the two major sources of error are 


timation of water content from the 


| 4 O ms electric log depends on the compensa 


| — > I | | present to some extent in practic ally 
1 4 i ill cases, If. therefore, the successful 
_« 


= ‘ ec tion of errors which may not always be 
mpensatory, it is not surprising that 


the method has reputedly y elded very 





od results in some cases, and result 
f questionable value in others 

lo investigate this possible compen 
ition of errors, the water saturation 
mmputed by the use of various electric 


FIG. 7 — SALINITY OF INTERSTITIAL WATER VS. SUBSEA DEPTH log curves obtained with different ele 
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trode configurations in the Hawkin- : 


wells were compared with the satura iderably 
tions found by analysis. The resistivity ch low onl 
index used in these computations was large percet resistivities 
obtained from that portion of the elec equence e1 core re 
tric log run in the water zone, and was omputation 
hecked by computation from the aver tand point 
age formation factor for the reservoir - 
The use of a single average value of the Reteret 
resistivity index implies, of course, the mips the best 
use of average values of porosity, salin timated and 
ity of interstitial water ind textural downstructure 
factor of saturation 
Fig ¥ shows this compat m tor the pedance cu 
various electrode configurations em electrode ere ‘ f than the saturation fo 
ployed in the downstructure well. In reumstance co 
this figure both the interstitial water made previous 
saturations found by core analysis and version panes i er onformance of the Hawkins core san 
the device rthi-resistivit t ples to the square reet relationship be 


the saturations estimated from the point 
} 


tivity read from as been assumes ! rhe f twee water saturation iné resist 


values of apparent resis 
'y multielectrode device e t ipparent from Fig 
ilv converted to ¢ t f bles I] and HI that the ¢ 


the relatior bhetweer 


the electric log at corresponding depths 
ire plotted against depth. A compari 
f the produc The Hawkins « te that f \ ind ir 


son of the aver ige values o 
iltic attend " tf either ev <istivitv. and 


tive intervals in both the downstructure ituratior 


IV shov , he compensated fairly 
Hawkins wells. The 
water saturation throug 
ilar field by use 


ght. theretore 


and the upstructure wells i hown in Table 

lable Ul tween the 
It is inte resting to me iw. ¥ and mated 

in Table IL that the average interstitial 


Walter saturations computed om all 
electrode configuration look entirely confidence Thi 
reasonable in spite of that all 0 ie in other fields. however 
of the various resi ! rves yielded ere conditions are 

values which were ner lifferent j nm { ' logs are obtained 
from the true resistivitic is revealed by d val ‘ wat i pre 1 illustration of the latter point 
measurements on cores. Parenthetically uses have been obser 

t iny attempt to estimate 


though the average value water sat 
iration estimated from 1 resistivit the interstitial water 


lable 1\ 


Comparison of Water Saturation Values Computed from Electric Log with 


Average Saturations Found by Core Analvys Hawkins Wells 
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Table \ 
Comparison of 


Resistivities with Saturations Found by 
\verage Sat Analysi- 


ration estimated trom log 


iration from Core 


(Average Sat 


K 


~~ eF 


\verage Saturation estimated trom log, using relat 


C;) 
104 


f sands would have vielded 


of producing 
ridiculously high values because of re 
sistivities which 


Phe 


ficient 


low 
de 


equipment 


were much 


too 


logs may have been 


of 


electric 


because faulty 


faulty operation, or because of circum 


stances bevond control 


Regardless of 
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Trouble-free Lufkin units will be more than ever appreciated in 1950. Lower operoting and 
maintenance costs has been one of the outstanding characteristics of Lufkin oil field 
equipment. We invite you to be wise economize and for a nifty, thrifty, trouble-free 


‘50 . . . use the Lufkin Line. Get in touch with our nearest office for complete details 


FOUNDRY & MACHINE COMPANY 
y LUFKIN, TEXAS 
you our newest Branch sales and service Houston, Dallas, New York, Tulso, Los Angeles, Semmole 
commercial gear Oklohoma City, Corpus Christi, Odessa, Kilgore, Wichita Falls, Casper, Wyoming 
Great Bend, Kanses 


May we send 


talog? 
pit Lutkim Equipment in CANADA 1s hondiled by 


THE LUFKIN MACHINE CO., LTD. 
14321 108th Avenue, Edmonton, Alberta, Canado 








